Background: With increase of digital imaging, the need for storage space and transmission speed also increases. Compressed images need less storage space and decrease the transmission time. However, compression could compromise image quality. The aim of this study was to evaluate the infl uence of image compression on the identifi cation of cephalometric points on direct digital lateral cephalogram images, compared with the digital imaging and communications in medicine (DICOM) format.
INTRODUCTION
The development of cost-effective extraoral digital technology, coupled with increased use of computers in orthodontic practice, has made direct digital cephalometric imaging a valid opportunity. [1] With increase of digital imaging, the need for storage space and transmission speed also increases. One method to overcome this transmission overload is to compress the image fi les. Compressed images need less storage space and decrease the transmission time, since the compressed fi le is smaller because of the reduced amount of binary data used to represent the image. [2] There are two methods of image compression: Lossless and lossy. Lossless compression eliminates nonessential information in the image while conserving essential data so that the digital image can be reconstructed exactly. [3] Lossless image compression methods preserve all image information and their use is not questioned. However, the approximate compression ratio is 1:2-1:4, depending on image characteristics. [4] Lossy compression, on the other hand, although offering considerably higher compression ratios and smaller fi le sizes, involves irreversible loss of data that could be essential. [5] The most common fi le format that offers lossy compression is the joint photographic experts group (JPEG) format. The JPEG2000 fi le format was developed to address some defi ciencies in the original JPEG standard. This fi le format has been adopted by the digital imaging and communication in medicine (DICOM) standard. [6] Compared with JPEG, JPEG2000 allows higher compression without compromising quality. It also offers progressive image reconstruction, provides more options and greater fl exibility than the standard JPEG format. [7] Orthodontists, radiologists, and maxillofacial surgeons frequently use cephalometric measurements obtained on JPEG cephalogram images. Many investigations have been conducted to evaluate the compression ratio that may be used without loss of accuracy for different diagnostic purposes in dentistry, [8] [9] [10] [11] [12] [13] for example Noujeim et al., [14] evaluated the effect of JPEG compressions on the diagnostic capability of periapical images in the detection of root fractures, the compression reduced the fi le size considerably [from 1.77 megabytes (MB) to 453 and 95 kilobytes (Kb)], but it did not affect the accuracy of root fracture detection. The studies on cephalometrics have emphasized that more research in this fi eld with adequate methodology is necessary. [11, 12] Thus, this study evaluated whether JPEG2000 quality factors 85, 75, and 60 altered the image quality compared with the DICOM image enough to infl uence the identifi cation of cephalometric points on direct digital lateral cephalogram images.
MATERIALS AND METHODS
In this analytical-descriptive study, 19 direct digital lateral cephalograms that had been acquired for routine orthodontic treatment were used. All radiographic images were acquired with a Soredex (Cranex D, Finland) radiographic machine with an exposure time of 9.1-14.6 s, set at 73-81 kVp and 10 mA, on a charge-coupled device (CCD) sensor (Cranex D, Finland). The patients were placed in a natural head position, looking at their eyes refl ected on a mirror positioned in front of the patient. To standardize the radiographic technique, the lateral cephalograms were obtained by a single technician. The images were saved in DICOM format, each with a fi le size of 9.649 MB.
In the second stage of the study, digital images were compressed using an Adobe Photoshop CS5 version 12 software (Adobe Systems, San Jose, Calif). Photoshop uses a quality-factor scale that ranges from one (lowest quality) to 100 (highest quality) for JPEG2000 compression. Three JPEG2000 compressed image groups were created by using this software at quality factors of 85, 75, and 60. This resulted in compression ratios of 11:3-15:7, 17:1-26:7, 39:5-73:1, respectively [ Figure 1 ]. The compression ratio expresses the difference between the fi le size of the original image and the fi le size of the same image when compressed. The result was four images for each patient consisting of the original uncompressed images and three compression ratios, adding up to 76 images.
To avoid bias, an independent investigator copied the images to another folder for sample blinding, numbering the image fi les from one to 76 and keeping the original folder. Therefore, when the examiner identifi ed the cephalometric landmarks on the images, he was not aware of their quality factors. The cephalometric points were identifi ed by a professional on an HP ProBook 4520s computer with an Intel Core i3 CPU M 370 @ 2.4 GHZ, 3.00 gigabyte (GB) RAM and a 14-inch screen with resolution 1366 × 768 (China). The examiner was not allowed to change the brightness and contrast of images or to use the zoom tool. The cephalometric landmarks were identifi ed using a location tool based on the x-y coordinate system (horizontal and vertical axes, respectively). The horizontal and vertical locations of each point were measured in pixels (120 pixel = 1 cm).
The following cephalometric points were identifi ed: [15, 16] To evaluate the method error, the cephalometric points were once again identifi ed by the examiner after 1 month interval. For evaluation of intra-examiner error, the Pearson correlation test was done for each coordinate.
The reproducibility in the identifi cation of points, i.e. to determine if the point was identifi ed on the same coordinate or close to it, was evaluated by analysis of variance (ANOVA). All tests were applied at a signifi cance level of 5%. Comparison was performed between data collected from images with quality factors 85, 75, and 60 and the DICOM images. ANOVA was applied to investigate if there was a statistically signifi cant difference in the location of cephalometric points between each group of images.
RESULTS
The correlation coeffi cient between the cephalometric points identifi ed at repeated sessions was 0.99, revealing that the identifi cation of cephalometric points is highly reproducible.
The mean and standard deviation (in pixels) of the location of the points in the original DICOM image and that of each compressed images are presented for each landmark on the x and y axes in Tables 1 and 2 . Table 3 demonstrates that the different fi le formats, on average, were statistically similar for each point and axis (P > 0.05). The results did not demonstrate any statistically signifi cant difference in the identifi cation of the eight cephalometric points between the DICOM images and the JPEG 2000 quality factors 85, 75, and 60. 
DISCUSSION
In the present study, the quality factor (QF) was used to indicate the degree of loss in image quality, rather than the compression ratio (CR). The loss of data may be controlled in two ways. The fi rst possibility is the selection of a QF in the compression scale of the software. The second possibility is the selection of the CR. [12] However, it has to be emphasized that CR depends not only on the degree of image loss, but also on the image content of the original image. For example, a simple image would achieve higher CR than a more complex one at the same degree of image loss. Therefore, CR might not be the most suitable parameter to be used for compression. Expressing the information loss by the QF seems ideal as it is image content independent. [17] The Adobe Photoshop software was used in this study for the JPEG2000 compression because it is wellknown and easy to access. Different versions of Adobe Photoshop (Adobe Systems Inc., San Jose, CA) were also used by some of the previous authors. [11, [18] [19] [20] [21] The QFs were not randomly selected; rather, they were based on the study of Abdelkarim et al., [11] and Duarte et al., [12] who studied the effect of compression on landmark identifi cation. They strongly recommended that further studies are necessary.
We chose the landmarks based on previous researches including the points which did not show good reproducibility. [11, 12] The location of cephalometric points by the x-y coordinate system was used because this is an adequate methodology, previously tested and employed by different authors. [11, 12, 22, 23] Cziraki et al., [22] reported loss of diagnostic accuracy on digital lateral cephalograms with a CR of 25:1, whereas 12:1 was similar to the image without compression. Duarte et al., [12] reported that JPEG images of lateral cephalograms with QFs 100, 80, and 60, resulting in CRs of 3.4:1-4.2:1,17:1-26:1, and 30-62:1, respectively, did not present alterations in the reproducibility of identifi cation of cephalometric points compared with the DICOM format. Good reproducibility was achieved for the 12 points, except for point Or on the x-axis.
In a study by Abdelkarim et al., [11] the effect of JPEG2000 compression on landmark identifi cation of lateral cephalometric digital radiographs was evaluated. The images included the original uncompressed Tagged Image File Format (TIFF) image and the JPEG2000 format at 3:1, 12:1, 50:1, and 110:1 CRs. All landmark identifi cations were precise with the exception of the maxillary incisal apex and edge at the 12:1 and 50:1 CRs, respectively. They concluded that JPEG2000 is a reliable fi le format that can be implemented in orthodontic practice.
Wenger et al., [24] used an aluminum test object to assess the effect of the JPEG CRs 60%, 70%, 80%, 90%, and 98% on direct digital cephalometric image quality. The results showed that JPEG compression does not have any effect on the perceptibility of landmarks.
As previously mentioned in the present study, JPEG2000 images with the QFs 85, 75, and 60, resulting in CRs 11:3-15:7, 17:1-26:7, and 39:5-73:1, respectively, did not present a statistically signifi cant difference compared with DICOM images [ Table 3 ], which seems to be in agreement with most of the results of the previous studies mentioned above. But it should be emphasized that comparing different studies is diffi cult because of the different softwares used for image compression and the difference in image acquisition techniques (storage phosphor systems and charge coupled device based systems). Even though JPEG has an International Organization for Standardization (ISO) standard, its compression scale is not standardized. Consequently, different programs, or even different versions of 
